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A number  of N - a c y l -  and N-alkyl  de r iva t ives  of e thy leneurea  were  synthesized,  and the i r  
repel len t  act iv i ty  was studied. 

Urea  de r iva t ives  are  a t t rac t ing  ever - increas ing  attention as biological ly active compounds.  Many of 
them find p rac t i ca l  appl icat ion as pes t ic ides  [1]. Te t r aa lky l - subs t i t u t ed  u r ea s  have repel len t  p roper t i e s .  
In pa r t i cu la r ,  b i s -N ,N-hexam e t hy l eneca rbam ide  (~earboxide n) has been proposed  instead of N , N-d i e th y l -m-  
t o h a m i d e  as a repe l len t  with longer- las t ing  action [2]. 

In o rde r  to s ea rch  for  new p repa ra t ions  that have repel lent  activity,  we obtained a s e r i e s  of N,N t-  
diacyl and N,Nt-dialkyl  de r iva t ives  of e thy leneurea  (2-imldazolidone).  

N,Nt-Diace ty l  and N,Nt-d iproplonyle thyleneureas  were  p rev ious ly  synthes ized by refluxing e thylene-  
u r e a  with acid anhydrides  [3]. Some N,N ' -d ia lky le thy leneureas  were  obtained by cycl izat ion of s y m m e t r i -  
cal ly  subst i tuted e thylenedlamine with phosgene [4, 5] or  u r e a  [6]. 

We obtained N,N ' -d iace ty l  and N,N' -d ipropionyl  der iva t ives  of e thyleneurea  by ref luxing the l a t t e r  
with acid chlor ides  of the appropr ia te  acids.  We were  unable to c a r r y  out a s i m i l a r  reac t ion  with the 
chlor ides  of higher  acids because  of pronounced resinif icat ion.  However ,  acylat ion did p roceed  in the  
p r e sence  of t r i e thy lamIne :  
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In this  case ,  monoacylat ion products  IV (Table 1) are  f o rmed  in addition to N,N ' -d iacy l  der iva t ives  Ill, and 
the re la t ive  amount of them in the mixture  i n c r e a s e s  as the acyl res idue  becomes  heav ie r .  Absorpt ion bands 
were  obse rved  at 1700-1710 cm -1 (ring C =(3) and 1750-1770 em -~ (acyl res idue C =(3) in the IR s p e c t r a  of 
the diacyl der iva t ives .  In addition, the s p e c t r a  of the monoacyl  der iva t ives  have an a b s o r p t i o n b a n d  at 3200- 
3300 c m  -1 (N-H) .  

N ,N ' -Dia lky l -  and N-monoa lky le thy leneureas  were  obtained by alkylation of the sodium sal t  of e thyl -  
eneu rea  with alkyl b rom i des  (Table 2): 
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TABLE 1. 

R 

Acyl  D e r i v a t i v e s  of E thy i eneu rea  

I Empirical ' Found, % 
mp, *C* R~ formula c ] H 

I Calc., % 

CHs 125--126 
CzHs t35--136~" 
C~Hr 53--$4 
C4H~ 37--38 
C~H. 36--37 
C~H~a 42--43 
CrH~ 48---49 
C~H,~ 64--65 
C~Ht, 61--62 
C~H~CH=CH 253--254 

CvH,~ I 85--86 
CsHt7 [ 88--89 
C9H,9 l 91--92 
C6H~CH=CHI 198--199 

N,N'-Diacyl derivatives 
0,55 C~H 1oN2Oa -- 
0,55 C,HI~N~Oa 54,8 
0,60 CltHlsN=Oa 58,3 
0,70 ClaH~2NaOa 61,5 
0,70 ClsH~N20a 64,4 
0,70 CtTH~N203 65,6 
0,70 CIsH34NzOa 67,1 
0,75 C21HaaNaOa 68,5 
0,80 C~aH42N~Oa 70,2 
0,70 C~IHIaN203 73,3 

N-Acyl derivatives IV 
0,35 C.H20N20~ 62,1 
0,35 CI2H~N202 63,8 
0,35 CIaH24N2Oz 65,2 
0,25 CI2H12N20~ 67,1 

III 

7,9 12,8 58,4 ] 8,0 ] 12,4 
8,7 11,3 61,4] 8,7111,0] 
9,6 9,8 63,8] 9,3] I I0,0 9,9 9,1 65,51 9,7] 9,0 

I 10,2 ] 8,5 67,4 ]10,1 [ 8,3 
10,7 7,5 68,8 ]10,5 ] 7,6 
10,7 7,1 70,0 10,7 71 
5,31 8,1 72,8 5,3 8',1 

9,9 13,2 62,2 9,5 13,2 
9,9 112,4 63,7 ] 9,8 12,4 

10,2 ]11,7 64,9 10,1 11,6 
5,8 Ll3,1 66,6 5,6 12,9 

Yield, 

73 
60 
60 
67 
79 
61 
57 
62 
36 
32 

29 
31 
56 
12 

*The diacyl  de r iva t ives  w e r e  c r y s t a l l i z e d  f r o m  alcohol ,  and the 
m o n o a c y l  de r iva t ives  w e r e  c r y s t a l l i z e d  f r o m  hexane.  

L i t e r a t u r e  data  [3]: mp 115-120~ 

It is known that  sod ium sa l t s  of h c t e r o c y c l e s  tha t  contain  an amide  grouping  of a toms  have the enol 
s t r u c t u r e  [7]. By analogy,  we adopted s t r u c t u r e  V for  the sod ium sal t  of e thy leneurea .  The absorp t ion  
band  at 1610 c m  -1 c h a r a c t e r i s t i c  f o r  the C =N bond was  ac tua l ly  o b s e r v e d  in the IR s p e c t r u m  of the sal t  
tha t  we obtained.  Because  of the  e x t r e m e l y  poor  so lubi l i ty  of e t hy l eneu rea  in neu t ra l  o rgan ic  so lvents ,  we 
w e r e  unable to  obtain th is  sa l t  in pure  fo rm,  and unchanged  sod ium methoxide  was  t h e r e f o r e  usua l ly  p r e s -  
ent  in the r e a c t i o n  mix tu re  dur ing  its alkylat ion.  Due to  it, the ini t ia l ly  f o r m e d  N - m o n o a l k y l e t h y l e n e u r e a  
(VI) is capable  of f o r m i n g  sa l t  VII,  which is f u r t h e r  a lky la ted  to  f o r m  N , N ' - d i a l k y l e t h y l e n e u r e a  VIII.  

We showed that  N , N ' - d i a l k y l e t h y l e n e u r e a  ac tua l ly  can be obtained by the r eac t i on  of  N - m o n o a l k y l e t h y l -  
e n e u r e a  VI with alkyl  b rom i de  in the p r e s e n c e  of sodium methoxide in benzene;  th i s  c o n f i r m s  the p o s s i -  
b i l i ty  of the in t e rmed ia t e  fo rma t ion  of sodium salt  VII  under  the r eac t i on  condi t ions  and, consequent ly ,  the 
s tepwise  c h a r a c t e r  of the a lkyla t ion of e thy leneurea .  

An absorp t ion  band at 1700-1710 cm - i  (C =O) was  o b s e r v e d  in the IR s p e c t r a  of N , N ' - d i a l k y l e t h y l e n e -  
u r e a s ,  but the  c h a r a c t e r i s t i c  absorp t ion  fo r  the NH group at 3200-3300 c m  - i  was  absent .  Both of the indi-  
ca t ed  absorp t ion  bands  are  p r e s e n t  in the IR s p e c t r a  of N-monoa lky l  der iva t ives .  

The repe l len t  p r o p e r t i e s  of the compounds  obta ined w e r e  studied by the method in [8] with C. t e s q u o r u m .  
The acyl  de r iva t ives  of e t hy l e ne u re a  and a l a rge  por t ion  of the alkyl de r iva t ives  p r o v e d  to  be inact ive.  
Sat, i s f a c t o r y  repe l len t  p r o p e r t i e s  w e r e  o b s e r v e d  fo r  hexy l - ,  d ibutyl- ,  and d i amyle thy leneu reas .  N , N ' -  
Dihep ty le thy leneurea  is c lose  to  N , N - d i e t h y l - m - t o l u a m i d e  in repe l l en t  act ivi ty.  

E X P E R I M E N T A L  

The s t a r t ing  e thy lened iamine  was  d is t i l led  twice  ove r  KOH. The cou r se  of the s epa ra t ion  a n d  the 
deg ree  of pur i ty  of the compounds  obtained w e r e  m o n i t o r e d  by t h i n - l a y e r  c h r o m a t o g r a p h  (TLC) on ac t iv i ty  
II a luminum oxide in a b e n z e n e - a c e t o n e  (4 : 1) s y s t e m  in the case  of aey l  de r iva t ives  and in ace tone  in the 
case  of alkyl  de r iva t i ve s  of e thy leneu rea  (development  with iodine vapors ) .  The IR s p e c t r a  of f i lms  and 
KBr pel le ts  w e r e  r e c o r d e d  with a UR-10  s p e c t r o m e t e r .  

E t h y l e n e u r e a  (D. This  compound was obtained by a modi f ica t ion  of the method in [10]. A 23.6-g (0.2 
mole)  sample  of diethyl  ca rbona te  was  added to 13.4 ml  (0.2 mole)  of e thy lenediamine ,  and the mix tu re  was  
heated  at 175-180 ~ until the d is t i l l a t ion  of  e thanol  ceased .  It  was  then cooled,  and the r e s idue  was  r e c r y s -  
ta l l ized f r o m  c h l o r o f o r m  to give 15.8 g (92%) of a subs tance  with mp 129-130 ~ (mp 131 ~ [10]). 

Acyla t ion  of E thy leneurea .  A 0 .1 -mole  sample  of  the ca rboxy l i c  ac id  ch lor ide  was  added at 0 ~ to a 
mix tu re  of 0.05 mole  of e t hy l e ne u re a  (D-and 0.1 mole of t r i m e t h y l a m i n e  in 40 ml of to luene,  the t e m p e r a -  
t u r e  was  g radua l ly  r a i s e d  to r o o m  t e m p e r a t u r e ,  and the mix tu re  was  hea ted  at 90-100 ~ for  5 h. Wa te r  (50 
ml) was  added, the o rgan ic  l a y e r  was  sepa ra ted ,  and the aqueous l a y e r  was  e x t r a c t e d  with toluene.  The 
combined  e x t r a c t s  w e r e  washed  with 5% h y d r o c h l o r i c  ac id  and wa te r  and d r i ed  with m a g n e s i u m  sulfate.  
The toluene was  r e m o v e d  by dis t i l la t ion,  and the res idue  was  v a c u u m  f r ac t iona t ed  and r e c r y s t a l l i z e d .  In 
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the case  of cinnamyl der iva t ives ,  the mixture of mono- and diacylation products  was separa ted  by ch romatog-  
raphy on activi ty II a luminum oxide. N,N ' -Dic i rmamyle thyleneurea  was eluted with benzene,  while N-  

c i n n a m y l e t h y l e n e u r e a  was eluted with b e n z e n e - a c e t o n e  (19:1). The yields,  physical  constants ,  and analyses  
of the substances  are p re sen ted  in Table 1. All of the c ompohnds obtained are  co lo r l e ss ,  odor less ,  c rys ta l l ine  
substances  that  a re  insoluble in wa te r  and soluble in e ther  and benzene.  

N,N-Diacetyle thyleneurea .  A mixture  of 4.3 g (0.05 mole) of e thyleneurea  (D, 50 ml of absolute 
toluene,  and 7.85 g (0.1 mole) of acetyl  chloride was ref luxed for  6 h, a f te r  which the solvent was removed  
by distillation, and the res idue  was r e c r y s t a l l i z e d  f rom alcohol to give 6.22 g (73%) of a substance with 
mp 125-126 ~ N,N' -Dipropionyle thyleneurea  (see Table 1) was s imi l a r ly  obtained. 

Alkylation of Ethyleneurea.  A 0 .1-mole  sample  of e thyleneurea  (I) was added to a solution of sodium 
methoxide (0.1 g - a t o m *  of sodium in 50 ml of absolute methanol),  and the mixture was ref luxed for  6 h. The 
alcohol was r emoved  by disti l lation, and the res idual  white crys ta l l ine  mass  was heated in vacuo at 120 ~ for  
2 h. A solution of 0.3 mole of alkyl bromide  in 75 ml of absolute benzene was added to the resul t ing sodium 
salt  of e thyleneurea,  and the mixture  was ref luxed with s t i r r ing  for  8 h, a f te r  which the precipi ta te  was r e -  
moved by fi l tration. The benzene was r emoved  by distil lation, and the residue was chromatographed  with a 
column filled with act ivi ty II a luminum oxide and then disti l led.  N,N ' -Dia lky le thy leneurea  VIII was eluted 
with b e n z e n e - a c e t o n e  (9:1), while N-a lkyle thyleneurea  VI was eluted with b e n z e n e - a c e t o n e  (1:1). The 
yields ,  physical  constants ,  and analyses  of the substances  are p resen ted  in Table 2. The alkyl der iva t ives  
of e thyleneurea  a r e  insoluble in wa te r  but soluble in the usual organic  solvents.  

Alkylation of N-Nonylethyleneurea.  A solution of 3.1 g (15 mmole) of nonyl b romide  in 5 ml of abso-  
lute benzene was added by drops  to a mixture  of 0.27 g (5 mmole) of sodium methoxide and 1.0 g (4.7 mmole) 
of N-nonyle thyleneurea  in 10 ml of absolute benzene.  The prec ip i ta te  was r emoved  by f i l t rat ion,  the ben-  
zene was r emoved  by distil lation, and the residue was chromatographed  with a column fil led with act ivi ty 
II a luminum oxide and dist i l led to give 1.3 g (31%) of N,N' -d inonyle thyleneurea  with bp 180-182 ~ (0.5 mm) 
and n~  1.4676. 
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*The yield of d ia lkyle thyleneurea  r ema ined  a lmos t  the same  when the amount of sodium was doubled. 
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